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^ ©aplr^t»r if m jrtlAlittJr wm: «@wl«t*ttwwf»al 
e«a*s«tiaf mtim «©s»i»tis« «£ it mtlm ®f m»* 
V a. readily v&pia^iX# eeatrifagal feree fi«14. fltoi iwratrieia^ 
f©*e« fi«M tastfel#® tk« «xir«e%«y l#ir imBitr 
mm tte «x%x'«(sl@rs. lew 
mA M# mmpmUy @f ^ %MvmUw 
I«il. t# 'iis®'!?! .WKStpit lli»i *!»• 'wwmm I* !># 
isytettfsf. fb# Im ntfdljgMimt tf 
@pitAli#a %lb9 |>9il»l«23ii8lc. *ig|.]M'i@.r 
^wv a^m. s«ri%@bSj^  iessts In |)itf*@],«nn. 
i!«fimlxi$ §p9irati9»s. Wiw itsparftb^ tli» fei^^yslaialc m» 
m^mi. fm .«@j»ii»ail.©aifl, 
«*t*asei««i, »» vifHifctilitjr ©f mt •pm%%milm 
is x«ini»»t x«flii3t: i» »0t ikimiia%3.« irl^ a »lai#i 
«il|, j|atll«wfcl,. i^iA, ij^:i«#l.i«a tf » f«t» 
fiimlaj?' ttiil ii» ©Mftiaafel® #*||r @f •Wll. 
»«, »@#t3. Poft'fei»3»4«fc wmM. i» IM# in-
vM'titirttei i# ssawBiitti t&t slai&rSss wwiMiit tsn^wM lii & •jf .ir.w w.wt^ jgwip iPlrjWw:' • w'iv*www*w'.w ~  ^ w *• -• ,. v-w"* 
reXattu'eSy short tiiae tweauiw of its low Ibol&up, fii#i& attntHiiliit 
m& iBi,iw*«iilia,  ^mm  ^
l^emt W *o t3ilirit©iai«. Art* #it»ia#i 
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#ia# •wit®. 
M diatiac% diai^Taiits^ge ©f laTuoratoty aodftl exlsraotov is tii 
mmXl flm mM 9m%M 'mmm' mm^mA «§ flls*: tn, mm^ 
mroiai mdU^ flm »x^mm #f *t 
««iqptliy mmtwmtiom itnteSM- wm »li# f«Mi .|#'%« «. 
A lk« litemtet# 'toilsa%»4 
mrtf mmmrxM ^xftimaa@d iA%m am^is &S 
ef f ®i|>t«l»l«k w||.|. 'Tm 
imlrnm In detail Iftltf. It is wortliuMle to mmwm 
Ilfeat «ptiol«« indieated that prerioWjl 
*i8pi.i4 Itifcw wsfisS M# t&S'lip stoi€4« '#9* sfflsMtttlar if tMssr 
M ft 'lN}tt#r,<m&irstik#iyftg^ if ."il* #p«yatlfl« «)liaMs»t»9istie9 i»f 
t|wl«t »!««, tai.i«&t#i 1^ 1 
ft l>ette7 tuoderstaadiiig of the operating ehax^aeteristies of t%#wi 
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m» t« :S««.sti#i.t«- fbi s^mt'iiis iiyi**®t#ri»t4«« 
»f, tiai extrsuetor #« that t&Bte mm tsti!.fiitt#li la lis 
it ®f£i«ti«tl|F..' 
&« iltemlsip#: fmUw |«t Is i«., «fa«itita llml 
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«ylfS.®4. Ih&t mm la lite^ KliPi 
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FIGURE I. PHOTOGRAPH OF PODBIELNIAK CENTRIFUGAL 
EXTRACTOR 
R % 
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PCV - PRESSURE CONTROL VALVE 
FCV - FLOW CONTROL VALVE 
PI - PRESSURE INDICATOR 
TI - TEMPERATURE INDICATOR 
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FIGURE4. SCHEMATIC DIAGRAM OF FLOW THROUGH EXTRACTOR 
I 


























* -9^ ' 
•a 1 I s 4 
!• I S ^ ® a 
f I I I 3 a 
I 1 8 . I 




















wilit tkts «3El3r8#t®». 
fMi first if mmm% l..a*®i s aiit iff# «f 
4t' £l38iS' wst SlisSi' psx* 
tiOBl-air iiiii#! mmwA %tt @f It 
•iwift % wiMtml »f iisrijtteipfti 1© •ttlwiif ,#f 
•fftsuml. sfftiai tmm lib* mufmMm Vm & •pm^ 
%lmlsix etttlrlfagsO. til# ttpi «f 
*ill' ©a mi&t, w^mA. At,» iwfflei»»tJar 
I®# li,^t»li<|ttid-oat py««»ure %h» rotoi?; will %« f^2. 
«f fctiwf-ltiitIA if tMt tlue pirtaelpftl tattsfa#®' till Sflll tat# 
#[« »1.« eoadltion iiyi, %#« mtimi. m 
f|«t4t«g, ta thfl light-liqaii-fttt. «l it Wiffltttally 
laRipissw®; ^  m$mw iiill ^  
®f It^it-liqiaii. •»# tl»t, $1m will tat® 
Ito liiii, att 1«im #fiiit4 &s 
flteiinf Im.th®' :^»*y-U^d-omi. aagi ©f 
ItoB •3Elfi#t®t ftt & partieiliO' If- ijiterlfeed tli» ll^t-
i|fal4-«s* at saA 
U M M b  *t»%l® li iifflcalt t® attate, 
M fltoNi%'-ttAl«..«^ration it .pMstally m#t fttl»issRb3« a.1 
lltortt®, m mt9 praatlcitl ©^mtlai *m0^  I# mMmi^  W 
•t^ tstssw® t«at 
Iiji4ts» ®f tl» %9kmit «i H# 
-#S> M 
o t @ 
J l» ^ 
% 




















1^ ' r^*. 
*» 










































































• f i  • H 
"** M. W % M -»(< M. 
%• xg' 
• r4^ ^ 
'*2 












HL-OUT LINE TO 
CENTER OF ROTOR 
FIGURE5.SCHEMATIC DIAGRAM OF ROTOR CONSTRUCTION 
AT HEAVY-LIQUID TAKEOFF 
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FIGURE 6. COMPARISON OF BARSON'S EXPERIMENTAL 
AND PREDICTED RESULTS FOR THE RELATIONSHIP 
AMONG ROTOR SPEED, DENSITY DIFFERENCE AND 
LIGHT-LIQUID IN PRESSURE 
• »wlts Sm tit® 
deasity differ»a®e aad li(^t-.ligaid«ia pTtiftyra 
Beasity loto* tracorreeted CosT«ct«& 
differoao# #p«®d P™ rot©* 
ga./ee. r.p.a. p.s.i.g. p.saTg. r&diua la* 
©•127 50<X) m $3 T.^3 
^50 «® 6?.§ 7*28® 
0^50 70 |g.5 7.H13 
2x50 n It Sam 
3575 58 ^7.5 7.552 
3025 W 35 7.667 
3S75 225 U2 6.967 
3500 i«^7 i65 7.355 
3225 162 ikz 7.397 
3000 136 Ug 7.2^  
2500 93 79 7.130 
2350 gi g£ 7.029 
usoo 175 igfr 7.^ 
i^ 500 159 139 7.561 
Horn 130 U3 7.671 
3500 103 «0 7.735 
3000 76 m 7.703 
%i' 7.«]ps 
'  , , p  •  M 7.152 
«.177 5^50 IP llf T.lfO 
%500 lit l©l.f 7.612 
3975 «7 7^ 7.181 
3500 71 59.5 7.312 
5000 51 3^ 7.H16 
2^0 Is 38 l^.ysg 

























I f  I 
w 






3 1  K\ O 
• • : 
a e 
^  ^  
' •  •  • '  
o r-» W 
m. ft 
I I 



























ROTOR SPEED = 5000 R.PM. 
LIGHT-LIQUID-IN PRESSURE = 138 PS.1.6. 
HEAVY-LIQUID FLOW RATE = 100 CQ/min.— 
HEAVY - LIQUID FLOW RATE = 150 CQ/min. 
O INCIPIENT FLOODING IN LIGHT-LIQUID-OUT STREAM 
• MAXIMUM BACK PRESSURE SETTING 
ISOAMYL ALCOHOL-WATER SYSTEM 
0 10 20 30 40 50 60 70 
LIGHT-LIOUID-OUT PRESSURE, PS.IG. 
FIGURE 7. BARSON'S DATA FOR THE OPERATING RANGE FOR 
CLEAR EFFLUENT STREAMS 
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H^AVY-LIQUID RATE = 100 CC./min. 
FEED CONCENTRATIOM = 0.0077 gm./ml 
SOLVENT CONCENTRATION = 0 gm./ml. 
LIGHT LIQUID RATE = 100 cc./min. 
LIGHT-LIQUID-OUT PRESSURE = 10 p. S.i.g. 
LIGHT LIQUID RATE = 200 CC./min. 
LIGHT-LIQUID-OUT PRESSURE = 25p.s.i.g. 
X 
3000 3500 4000 4500 5000 
SPEED OF ROTATION, R.PM. 
FIGURE 8. EFFECT OF SPEED OF ROTATION ON EXTRACTION 
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lk«l' mm »•% twiii&tilr ©Wiims, tfe# fir«t f#ia$ it mm0m»& 
Wttll rotOT iav«mt®fr either flooding limit. §m^ pttel 
if mmmm& r^nk m •$itm% ©# mUw mmmwrnmrn m it* 
T^Smb th« discussion #f fifioding in t&« •«©tion 
ft ma Itel *1® fytatifal %mUw^ 
tmm: sfill® trt« eittosr .afftauial mmm *IMI rots»r idll 1m tsttrt-ially 
fStosiv 'at® dist|aitl®& Iwitiwta •esseatially fall 
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*#!'•• dsMfil®,, liift m%m i# «€i»mt.SAl'3jf tall ®f lai^r-llifaid, 
(S) tli»i If f^l ®f 
Isija'^ ^-llcfaid, ^ f^ %e ©-^pol I® f m wtaii "fe® mt&A 
if wM Itoat tt# l.l|^ l«lifBM-©iit fwsmy®' 
nm w* mm fltiMag i». •Ito li^t-liquidntai. 'asefant ©f 
iM tM «ai®5f ^ese condititiw ^mim% 
% an flKoAiis^^ in te lii^%-> 
,»!. tj^. ^ li^t-liquid lin« 
«:»t:fciate4 ff(*». fa©) liwm, 4i f 
'^ |g mmmt mmmn llu»% f^ler is full of id»ia lini 
ff#fTOr« is •s»«k. 
It -ilUB &$9f'aMims !«• es»<p.tiea.34r f^ll of 
pft'«s«ws m lew %lss.l %te« tiff®?-
©»©# 1»»|we«n tife® pmernm »% a»i &« It^t-
i« I#® mAl ft ©ewwaltiitly , foylw&tely. 
»|Mi3fiiltag Itett, *®ft ib® m^HT in fail @f 
p?f8s«»s «» M# «w«# ®.® Ilat %h» Atffsyeae® 
tli® l.lght-ll^^«»% aft fleoili^ aaA tli®' 
mM pt®«®«aNi iii@tfi®at i» m* %# €^a-. 
isif f»a: Cl|), -^a it glvstt 11® ir&l8i®' ftl' 
flmi-im to %h«t 1^ ^i«'T liie®« ®®BP> 
M%im» tit® f@f@t Is fall »f «© %-
T . 
MS) 
t® l® di»cu»®®l ham i® III® «ff®®t »# »%®? 
^#a a.®l»»S.iw,ti®m *l®;i!imifi». 'fel® pstel t® iM»®t 
iiiMtvllaid .-Iftt® $m fafi®, firsl ®#ffl8©3fii4 wtm 
li#M^ ^ IM® t®«@»A. i4.tb f®M.at®4 
li«M%i« aiw %h® swi ®f •>»&f3r-.i|«pi.|. ir®liwi®s. 
ft.® f l»it ®f •»««« mtvmw wm laiile tli® 5e®t®'f wt$ 
ft* ffei «*%f»@1s®5? f®»»itt®i %® ftttftte ®I»%1® .®fi®fali@a 
4®»|»4' ^valm«« «f ^ ©peratiug wPiftllSfi *,Af flow-
mtm, A%%s^mm% @f ©peration ,|«ii®4 %- ^ «#aslfl»«gr 
®f i:fe«s® ir«piiifl®i im » lea »l»al® |a%0rr«A. ?!»«• f®«i. 
sw.® ^ %imm lis®©a%l«i®4. Iiijit-lifatt. ««!• iatif®d««®t Sal®, iNstt- •ik® 
®ai& lis®®, ia, tfe® liia® & 
f t i t e t  l ' ® w « i  t & e  I t l a J .  l a m ^  ! « •  l ® ® r «  
%&«. I»i:aiiiy--lt(p4€-©ut. m» ut#A t© Al.®-
»f a® lsi-g?fy-3.t(p.Ul.. Smi i»t#r -ii^ttiA nag' set 
Wm li»a,w-|iq[^4 wm 4S.ntla«t4 lit&iry-
fftii «te «iid 
to ll» wlioBe.^ 
Ifeg ««#©»! @f ireli»w m» 0%%ala®4 If 
pto# lias m%m &fUr m mm 'laiafy-.liqaU. m§ Tm%m it»faA®i4 iteill® 
1% wm fftaingr ^ IM" wilii. ll^«-3.iquid tliilii 
til® i?©t®s? wm ttOEPiag «ii. aft#*' 1% MA sttppii,, &». ©ftgte @# tli«-
so «%tRia»IL ii^ mm ^ ipef^triai; t® Il®a3P« 
I aa^ ttet *4X3. dtif of 
•tt® wimilr tot .&« r®t0i? st a .s'wi.iftl 
i?|, tfsstti iai« ©««%«*• ©f t&® A c »j, < s, »i«8® a«a8» 
Itfaid iMl# ^ .wtf^r apteaisg. Wwm tto ii®»BUisloa ©f 
fl#@4i»g la llait ,gl«>a la %%m •i®®e,3?4%iae 
©xfeifftdtey,: 1* %« «@®b. iltot tit® i|,i^lae»t ilkil® tit® 
»0t©if , wi *0 a i®4 «f|#* it 'laA f«®#®8«at« t3tat 
i»r»at«fr to t®t#y at iacipi«at ia ^ 
tlMt^ ig. «8*«at-l«ilr @# lil^t-li#Sd.. 
•St«tl®3P •@©a»tS®fmti©a* ,taite&t®a. tl»t *©t®:r »4#t 'Mm -©©a-
tatm®i l|#t-il^ft that WML14 »t %© ¥|p hi®ai»y-liqai4 
Atlt fl# wt©!- was i.*t®i^ts %© •fa^»rliMmta3.-lf' 
tM i®i0* wMle tt mM «l©ip^ &ti& rft9i» tt Ijat. 
st^f«-4, Sim% •k®r'i«§ ali. ttiflatabl© 
mm &l$ mmocs llwl 
gil li^t-l'ifiii 'i»gqr %.t imm & irplmS^ 1^' » 
dti&se M#,M. 
@f II# 'X^ler taAlms t 'm& th» fe%«t 
% will SKiv iM 9^f'i#iie&. ^ 4i§«asst®m of (i) Is %li«^ 
»tm?« wmim iadle&ttt #»i r, 
%li8 ©i: m %«tt. 
Afi •ssimtially identical ii smi^sttA ^ mmJ '^ 
'Ike »t fl@fiSiag |% %1m 
li^iSHpml m A. #f mim' spe#i* timee %&««« @#nditi©3as 
If M.%hsm0. mMh»w ef «Ta3.«»llmg w &e& 
m%Mm kmvl^ i^ i $f 7^  ^m % mA mm tlmmiem l«8s 
siaM nptvi@al esl|9ftl»s #f f|^  sipl % m'» mAJeet %@ 
mmm, Vet IMs m&mm tlt« 'iMitMt •mmt'ismi. i^ve 
mm mmm tliat 
Af«# Wittett #f %« aJll 
%a@@t m e.^tl«m' mm IWft t»f@ mmxielmg 
fMB a •fm¥kim ®i - at %»«t 
'ftiul »eftg«Hrla^ Ilit »& a #f 
ii^»®4 gtt ©oi«$®al ^s®.* «* 3RI.o#443^ ia t&e »* '^ 0.vf-» 
Ilfai4-©u1i. list fal&tift sftifit# ®f %)mm wtttta «ill %» r«vi««»4 
%liN> ssqpdrlMi^tal »x» tlsfvtsft, 
Sai of fie* ».%#« oa %Gfh ill® ®»t 
ffljp® ©f iatftifeit %©««««« %h»m @m to-
Telvtft ta #1® iJiri'T^tifft. i^pliemtioa-©f #^pi»li©ft {$), 
wmtm @f MmmnH fnftv if ©f fiew 
». iMl® llglit-li^d^-4a pjp«»8ta*®s ps«iiet»4 V <i) 
as! meim. m& Itot ^ lt^l-i|.^4^t pttiiasf »% Istif |«al 
flteiing Im ti«» lia^aj?' fsaetlea @f fl»v f®,t# 
ml4t iti Ji«®fy-r3llt«pl4 fl®w mt*. Wmrn Wm piffvitmt 
SS#i6ttBW''fc9B #f l;y toS-I^SSeSs-llS |^in«tAyit4t 
It idil ^ i!»Oiill,et %hm% 'tf Hail rates m 
#mt,f*#«8«Mts i® iai«sai®«. 
1% flM»f»f©*Ns s#e»4 ^«spri»ij® |» ii^ssat ,»%e^ t® 
fli®- ;ttf fliw tvMm§ m 3.i^l-ttg^4*i» ffessawi f 
1^ stseA. m Hm at fl#Q4l3^ l» 
ilt« 
, f® wuioii'lf©,. ly iquatlona •is.fiirtt ta-
m :#!patlea %h&% tltemlt %# !» pi^ttsltag fl®®4la« 
^§»!& mmt *»#• o'bts.inea, II wa# llfe&l; 
e#***ta «ia«t®sft« !»• IIA« •tMi.tl«a !• I#te»4»ii4 % %}m TmirnvSM* 
@f t&« extractor TDAhew fltoa. Iff aiiiiatt«»« @f tin- esebreetof.. 
i» «3splirjyBfatal t© wiff tItii i»t tJ* r«sml%« 
ff®® ttoftf |>»p®is &»!« "km i4t»8t«4, 
l*|r»i%,t©m St«ai»t 
l» ^ ®3^rat:t®» #f IMs '^ ieljrsdter il 
w»# 1^1 lli»r» »»9 fw® m ®f .ialerjea®!®! saw.®. 
amlWe fm ffl»8i»ir«i®fer. ft# flftl In preirfitd llis 
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FLOW RATE RATIO 
FIGURE 9B 
FiGURE 9. CORRELATION AMONG NUMBER OF STAGES, 
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SiPifl^ •^m ©tk»n4i«» mm 
Mi* '«!%% I#'«]irl m%mt m 
lifljttia »4 water, ullh liw®*r3i. m ^ 
,iiai6ii. t# Sapaptti®# f»« 
lii Isoso^l alcohol eteazQ disttll&tlon, density 
mm aalUi «!%•»• mm fltntiiiwS. ft@* 
m%%mw ttk» fi»« itteraiaatlong »t a partiealar 
ffe« isadiTitual points naied to estiaat® nigr d«nsitfy-t«^®ifitti3P# 
% wt'l#!*' a l|i" ilyat 
«f a. ^  gwm ttii]^ti«ial telAte i» 
iiif tii 1^ -tt.# ||^ s^,,ii«@f# l.tMili' ^ I® •l».l»l«f«tetll. 
S©w»«li«w w&m «@i» tm tlii ttaslty-tfl^mlat# iimsplfttios. ®£ t|i> 
130 -^ m m%»l 
At i, tito ••iiwuiitr si* 1@*4« ifO-Mfl 
i»turat«ft i^tll iW9#i 'ttf t.8il| t# 
-lEBft tlMi^ dwasitx ©f ^ri@ «s#yu^« mt®?, ^istwamtid *itlt 
|,§»«iri .*»« i» '«M»- »f «# i.fSS ^./«e. 
%9 
mt, «»#4 &, , 
stodies. At 25® C« the density of trieiaoyetJ^iene, ta.tapate4 
#1  ^fater» was I.U.507 liit fW .iittit# «e wiiei?,, tiitw«t«i, 
8elt» iitewftl. te eeBtfti^iag aetts^a 
As oatliaed previoasly, tke holfttqo of either phwie la l&» 
eiHriiitlfip a. «•* tf ^ewil'isi ^sAlttoW' vat ©K 
t«i»e4 lif or flmi&lAf tM fiwee i^ee htlii# me to-
detaraiaaed from the extractor with the other phase, iljiti Ihta 
pmrnlm* gem- fl»t» I* #e 
extracier t^reas the rotor.lelltef t«S. of .iiptis  ^iiieresi, il 
was neeesaasgrvit «1fee |fli!@ii tf.llwt m&U mS. im& :8«A 
product liaes, 7^ ,^ Sij«se that portion of outside Of t|ii ea&-
traetor ma pecaliay to the particolar feed i»i fIjia® 
Mfwrngmump •WfA im IM#' ^vestigation, it m& ImliJmii-
to deterjBiae the fortioat ®f Tj. "both inside aM outsit ibi t^fgaiter, 
ISie looatioBie of trarious voluKes tha^t if^tise.f  ^iW* SMIealet 
anally •|a..ys^pBee# 'SSt# Eo@i.lteM '@f' In. tlii 
fiffcsg extendi 'U ttoi eaEl»et®jp are If,iliiii 
t» ftgare 10, fhe TOltuaes of holdup *t them 
«#. f#r \iie li#t-.li^id»te m, ..f#*' llm he««r-M#W  ^
out lims, 27 .Sg ce. for tlui light~ll(|uid-0ut lisee, ,maSt |X»l7 #e. 




ROTOR WWWW-  ^
LL-OUT 27.88 
31 .67 HL-IN 
F HOLDUP OF EACH PHASE 
WITHIN EXTRACTOR BUT 
EXTERNAL TO CONTACTING 
SECTION 5A09 
LL-FLUSH 
NOTE - ALL VOLUMES ARE IN CC 
FIGURE 10. HOLDUP OF EXTERNAL EXTRACTOR PIPING AND 
INTERNAL LINES AND SEALS EXCLUSIVE OF CONTACTING 
SECTION 
fl 
ntfttrntisa® ffee t® fill It® ltae». fimw 
IMP® asrtfa^t «# ttoe® f&« •.•©jaiiiti «3s .^«i ©# «»»»• 
awr®«i# .»»• i^via la. fiAl,# 3. 
f igajr# 3I>' ®,i»© i&al %te ©# fluwi® 'uillila 
He ®str»eli»» laltisai 'Is tli® ©tmtecting »«©tl@a m»' ft'©S ««• 
Sl»» fltil Xim' #f 3 'i&sw flat. #£ tM« .^©9 e«, f®* 
#®«k &»#« w-lw#®#. mm «s%l»altd tke m$m£m%mmT*a 
s®«l.» Aim'sria^® ©f t»® % «lt4ag <r#iwi f«jf %mh ^ham; 
m« Ma® h&Wm »» -iiial^A «« fy.« 5.31.1 t®., @ai 
%&«• Itw • $$,k He, 
geidtg det«y»iaaii0B. ^ mm^vxrn-
l«f®jp» 'Sti ii®Mmp ®f •llfcii.r i&Mie fti- a .fwetlea ©f 
p.ftsw# tt t««a«4 td ito@« %J»t at a 
prws-afi teowl®a®»- ®f %k# 
tf lit# #*lr«#-l«3e «f to® Iff!»• t» %hM 
•ma&tt .ft paPti®«3..ar «#t ©f tpid-atlag (©©'lAltifltaii @®ttM M 
%fee «i^r,twi»tal3f i®t»»al»s|. ©f  ^
9%hm 4a tlni' •*t3»el©y wMmt %li®8# saa# 0@adit4@a«, 
4a wllii it), 
if Ihii i#»®'»»ttt,%4©a ®«e4.t a@t tor» '%«»» 0|Ai"l4®a  ^ koMti® 
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JI 4» .« 
hol&vp la &ii5>3ji«i.iii immw% 
a|.eo!hoX with vater 
Botor speed m H95O - 5OO© ,®. 
li flow rat© • 136 ec./»ia. 
HL flow rate » 101 ec,/nia., 




g 9-3 9-3 
IT.f 












m 9-1® 76.7 ^39.t2 
Staa<toft e?*®* ®f 
. . ^^9.1 
Jaialjsie of farieii©® ®f 'rm a 3^3"^$-
Sfl«ee® ®# 
va3Pl&ti«a 








f©t«l 3 l .^tl 
m 
Ik® fe«i is l« mmmmf U fetgia 
a^asuiflsg 11  ^ ll#i*llfttii efflueal fmm IIki "liiit Iwl 
«.r»f is lt»® bM Ateii ®se  ^isen^it 
mth ®f «fwi em- tl®|ag 9fmm tiett 
wit® pwseal «s8«stiaai  ^all ©f ^bm lislltet m«ifc8w.f#wMat» »»ft® teijE  ^
IM» iiiwilt%»t|#a, «af#. m» t@ isiai®jL®t ttte® 
®Tr©.5p»* Willi tli®  ^ rmtmn. ms«ft ta .ttls. 
it ia %h&% tiaisf »w®j<s «ar ©eeaiiimlljr ha-*®' !«»«» 
a.® .ft® f fieonds,. As®«iiti^g a, f ®#@©ai t'telag 'ami?, m& » ftl»-
ft»w 'ifftt®, ®f 120 ®®,/iSia»., tt® ®w«i»' la -aai'S-fittetA &®M^® 
fvm %h»m %tm%m mvM e®.silj 1>« m l«rs® m I© ee. 
fw® Is5®a fif It9«n?7viiftti4 telt^s »r@ p»e»«a,t®t 4s &11® '©i® 
Rfpawst ***'® @%tR4ft*4 wtiai tfe® 
% M. atwilia? I® •*&»% ®^ltf®4 ftp ffe® 
%m mm «f SUBi IJl® 
llipid 4t^3.<^4 lAil® tk® sites' wm slifpiag- •mi. $£ i^mv It hat ®,|®|fp®4, 
f&i® l#»tr-i4pA4. ©Waiaet »1s«|®.4a« fs|»»®t»ml« Meoff* 
%k® m%»v &t ^Ifiesl ia l»ft^-l4^4i«HW,i. 
ffey® •!» tl*' &%lwm ®f I ,taia4«A .|f®pf®®®all 
111® -I® B®a«J?® Ikl® leiie© ««& ar® ««wi-
Aat I®*®* %%m Imtmr !»%». m9^B  ^iralw ©f 13  ^ l3®sfy»llfaiiil 
in %%» m%&t !%»% #a«a@l %® Ai®f3.i^«€ & X®®® 'toMi lipiA tMI#' 
fit® 3fot©3? is «piimiiie m» i®t«i»4»«t »s tj %© i| m, tmm ®«f®a#i®a,l|r 
all MM t& «&40lt mM iiifla.©®!. Im jftilww ®®«t4«a» #f 
f. Heatyi-liqaid Jwldaps ia t3Eti»et®i* mM»T 
with isoasaiy'l alcolu>| 
Itolat ^50 - 5000 
M> flew • 136 ee./iaija. 
lla f'l^v imte « 101 ee./min. 
SIi demttlgr * 0.9535 «%  ^





























>j>j. 253 .J+6 
21|«.56 19.27 2lt.X6 272.73 272.72 
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I. Tariatloa of with lighWlifald-oat pm$mm f®t 
pr»sii«!«s It»g ioe f 
IfloaBigrl alOdl»>l»va.ter systesi 
Botor apeed » kB50 - 5000 r,v,m. 
U* flow »@M» » 125 - 150 ee./aia. 
Et flow jrafe© « 90 - IO5 ao./aia. 
lea S- ^HQ 
»%as®s. 
$$1- 9.3 57+ i.7 121.01 
S.6 127.91 fat­ 25.® 203.10 
93+ 23.8 2IJ&.65 es If 231.^  6S+ 39 287.^ 1 
392.16 
69+ 283.67 
ISH+ 59 $$*- 59 395.59 
%.30 79+ 77.7 $79.03 su 79 
75  ^ 98 573.67 7S  ^ 98 573.76 
IESm***, M t W "^Hgpr# 
.mik: Wf» Mi# Kp' ^  JiM m»- imS- HI*' 
f.t.i.ft. a.t  ^ .0. :«l 25® f» 
70+ m m,9i 
fi4. m 3^*m _ 
90 B 2Sg.Hl 91 T9 27H.91 
3S+ H 2 .^12 Uo+ 79 265.51 
ku m 26S,TJ 7$ 268,7k 
^3+ 71 S72.73 iOk. 79 272.7a 
1^5 H 285.96 H6 79 285.lit 
 ^ W 296.91 76 9B l92.Hg 
77+ fl 17 .^60 B3 9S 153.21 














60* f 622.60 1 .  617.93 
62+ 9 622,1S  622.05 
91M- 23.S 5HI.29 , 537.70 
66 39 53L3.gg ^l .^39 
3p3M 
m7,m 
im li#it-.li{jaidH«Ll :yi#s tiMsia. It© 
p.t'.i.f. 
Isoa^l it3.0©hol-v&t«3f ii'stM 
Itelttf 8p»»i « U950 - y.p.a. 
HiA '§«> 1M 











































Wm t» t, 









































35 .^^ 6 
nmi *# toliip. 
t% !• aew t© e©a«i(i»ir »11 mm 0M li^ it-ligiaid-
mM l«se thm 100: wm Mt wieA i& 
«^tiea« (Iftt) mi. •»*«: t®p»»«#al#4 ^ls|- tJwi 
8#1M Itaiis i« Flpyr# ll-ftt ft^S'SOJNi# 1«bs 'IIsa 
|6 f.i.i.f. All ««® f&al mm mtfi. ta ©Idsimlag, ttrntieas ^If®) 
% 
700 ISOAMYL ALCOHOL - WATER SYSTEM 






f USED IN ESTIMATING EQUATION 
A o OMITTED IN ESTIMATING EQUATION 
1 1 1 
0 20 40 60 80 100 120 
LIGHT-LIQUID-OUT PRESSURE, PS.I.G. 
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r* t S • u 
«*• m 
•SW * f f 
 ^ 8W* 
-,tii^ |)t ff.^ j)i % iMMV 
^u • + 5.<»» tjij  ^
II it i@wi tei 
fj^« 1 .^31 .^ Cl|a) 
1% irinw «f ir«riatltm ff«#@»t la ii»M«i» tt-iri^f'i Hw AsfiM.!# «f 
fives If »fa*iit» Ufa) if a@l @i|]ii|IUi»it te.iiiiw los^ftliisfae^x  ^
'Wm #•! !»»•#, %a* •®®** *®® ©MmisiNl 
fiNSvi«m»3  ^ If sM^m li^t»li.fBift liiHi' ir@l«  ^ #3el«imti3. te llw 
•xl7ftet#% .i(i|fttiiia#d % U Ite M^l»l.i4pi& lint bM. mml 
miwm i4ll^tft llie 1%| tatlfttiiiil i# Ite 8«<?lio3a« 
&ef®£>iBi£ita fP9« tte ttiic^a£itiiif«s''*s AmvlJ^s of tlw 
B®«f«ii©. iralmt @f f gimm If e^lisa Ctla.) t,t %#li«ifit 
le» 1»® tfii %ftit it will le «ii«wti ilM @«iv»©t iraJLiui M 
fiiti.fi @8tl@ttl%l'i@»ui. Wmm || Vk$ plpln$ ^xiemid 
#©• the 'MtA a hoid '^ &i a|,ii • f .^ 6 • 37»P  ^
tmetisg' IM» telAftf fM»tt «fi&tii»B. (Ifm)» IHe laleiftiitL .li^i«.iifsiit 
ItiM eM. »#al irel"Ba® !• ai - 37*l  ^• 
e«., 'la. to. 'tlM» fS«ii4M.8 eitlwit la 3 39*  ^* 
•  S I - f t ® .  
&i$ mlaS' «f fiwa 'bf .«faatl#a (ITa) .i» % m, Mmr IMa 
m 
m» VAltt® -©f « 1.3© 00. tmm 9 t^UM C2©a) »«• 
tafiif tmt fiS'Sdij  ^ la lh« f»3r l# 
afeeut I ®itt 14 s«, ai^rasf @f 
liipij. ta tisi *«t«» 16% i» 11* iA#a iMtoo 
»@l©j? Is «»f(iat|®3.1|f fall ®f 
lata tm 'It'll mm la T&if& mtwm ®f sl«»« ia fe# 
ftf lt|^ t-li^4-®mti g»al»sp %hm a*® 
la fablt f. 1^- ai«4 la ®1%dlaS«Ng •^•l«a» tm % 
aaA f•«« A ft»etl«a ®f ll#|.«li.fa|&-#al tis^itwe a*# aittlas& wit& 
m flW' «i ,^. 'ffcs «faa%-4oa8 ®%tmlaiit, valid f®* 
,gt»»l«r %hm |.6 f.».i..g.| «e»t 
l10ia.11® ©f ilifts® la the tart*®®*®? 1#|W®b. fl®otlag Halts. 
•Uti mmm fit* ®f mm ftfaljret M» 11#^%* 
lltmit vmm %»%mm flOQiiag lti4%s wmw ®#«a 1>r 
't^tlea Cf) m 
% • 51^^53 - IM im) 
• m^m ^ 1.5T (») 
0) 
%.f skiif l&ftt tto mm%m% % I® Gf«i»0a I® letll «l%t. iwA. 
I7 
fgfe l l#  f ,  far is t t t^a ©# h&la*® f i i*«sag» iw  
ptessretftB p.s.l.f •' 
Xsoaaifl i^sl«ii 
Botor speed • ^ ^950 ~ §000 y.p.m, 
X£ flew irtbi# • 125 • 1  ^m,iwiA, 
HI flow riLte B 90 - 105 eo./aia. 
' f.s.i.f. at 2  ^<1, f.e.i.i, itf if® 0» 
m,u m . fef.ts 
te.f m*' li. 
^,ih m fP.il 
.^70 Iii 
ill* ii| #9,11 
m 117 











^i.ax lis iuM. 
613.37 117.5 61H.15 
<m 117. J 5«O.56 
5i0.30 ma 119 
^IM ^  117.5 §«2.32. 
mm:, 
f.S.i.g. al 25® 0. 
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faf f f t t i i r  i^aaj l  f  . t . i . : i .  Mt  rms 
4n fabl« 9 •ic««pt mm M ®»t thr«ya  ^ aape 
ta Wi0m %%, la»s' 'S§ mi. §3l mm m% m«»4 ia @%-. 
I»ial«g ®faa.tioaB (19t>) scat (20T>) %h®te pf«s«a3e»» mm 
waA with ft tiffi-i?®iil mm% m«®i f®3r «fe® jwa®. 
2®.t® tmrn nmn I .^, , @1, ®2,, «ii. i#j«i a®* i»®A 'im ®lil®i3aSa« 
li®ie ••fBfctteiis *b®#i»»« t»iif «®«li iWf® givea, |a  ^
tAfe «fi»ti«aa. -fSa) 
i# f for this ,iff:%®» a* ® j?®t®» «f, f6©© 
.j?.p.p. ^«i* %.h®«e ®®al|ti@ag %-m sf®t».i? «©»*»!»• ®ss«»%-|«,3.l  ^ m 
&««Tr-ll^t4, aad fmm •qpatl®a (l9T>5» 
mS «e. (21^) 
OJhis ®ilt»tt|® «p^®s llie »ili8»t®, • 131,1 ®@,,, %imM 
ims ®MaS»t t&® lim -f®!®®# 
«3rl®«s®l t® $!»• ®xt3rffi®t®i', 1  ^ii»4at»|;, %@ ili® Maty-
Itfttit llai -affli. i*,®l ^*®1®iib ®!St,if®®il®f ®3K|®«a«l t® 
HI® ©estsyS'Siig s®el'l®Ss- 4®Se8itibRSi. fww »a|iiitfi6y6ty3iS|R-*s te&ifSaig# 
®f I'll® 
l«®®a8« llw ••mtm ®f i^v®a %- e(|aetl@a C^) 4« %®li«f»4 
t® li® ita %es% ®«%.to»%®» it «tll %« m&mmi. mla® ia 
fate* ©ftl«ala%i@B«, fmm Ssll® 3, th$ l®aifr-llfald. fifing, ®3el«*Ba3. 
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fitiiui li. Data fer ths Iseassfl ale0hol>imter sy»t«a mlatlBg 
retor speed, pressuafs, 
out presflure sad flew rates 
«@w fates ia #®./iii».i iap.«.i.g. 




El 5000 «<» 30.75 130.0 139.0 2 .^0 1.069 
m 5000 11.50 95.G 2l6.g 311.8 2.i^2 
13 5000 «.75 170.7 72.3 2i^3,0 0.H2  ^
s-i gooo m 3.2§ 5S.^  62.6 121.0 1.072 
?2 5000 m 20.75 5«.9 337.8 i .^735 
3-3 5000 m 7.^  168.0 6@.2 2ag.2 0.3  ^W5 5000 m 12.00 100.1 2iK>.l 3ij0.2 2.399 
w€ 5000 m 5.50 59.0 99.7 159.5 1.667 
fT 5000 m- 2.75 55.6 105.5 i,l%h 
f« 5000 'm .^50 95.9 .^5 150.4 0.560 
f9 5000 mm 7.25 6S.7 133.1 mi,$ 1.937 
fio 5000 9.00 96.2 1^^7.0 2iV3.2 1.52s 
m 5000 11.75 162.7 130.7 293.1  ^ o.«o3 
fl2 5000 13.75 1 .^9 175.2 1.025 
fl3 Uooo 1  ^ 3.25 Ug.7 56.1 IC .^g 1.152 
flit )K)00 B i.25 96.3 57.« l .^l 0,600 113 Hooo m • 6.50 68.1 137.9 206.0 2.025 
mM Uooo so 1.25 89.5 151.7 2i^l.2 1.695 
HOOO TS ii,25 52.0 77.5 129.5 i.it^o 
ri9 Hooo 7S 6.25 9S.5 83.^  1«2.1 ®.«52 
f20 Uooo f$ 7.25 77.1 155.2 232.8 1.997 
m Hooo 7« 7.00 iig.l go.s 199.5 0.681 
f22 Uooo 70 7.75 1H3.2 7S.9 222.1 0.551 
f23 322§ 52 6.25 100.5 100.1 aoo.6 0.996 
S"2i  ^ 3500 61 6.00 100 4 99.5 200.1 0.9«9 
i}000 7« 6.75 100.5®" SS-T* 200.2 0.992 
m H§00 100 7.50 ioo.il- 99-S. 200.3 0.995 
ts? ^250 7.25 100 .ij-®" 100.2  ^ 200.6 0.998 
128 119 7.25 loo.iv  ^ 100.8 201.2 l.OOH 
ya9 3773 71 6.50 100. lOO.g® 201.2 
®' Satiaalee mWi rates Mt a«ipali|r mmmm  ^
fmmmm %m m$m ^ 
ftS't 
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40 60 80 100 120 140 
LIGHT-LIQUID-IN PRESSURE , P. S. I.G. 
FIGURE 12. RELATION BETWEEN ROTOR SPEED AND LIGHT-
LIOUID-IN PRESSURE FOR ISOAMYL ALCOHOL-WATER SYSTEM 
liWKWWONIt ,. 
m i%m W$M9^ m I© 
m #l«if wm* %$$ if3 rnjmin. 
Be tor p .fsi.tiwpi 
Mm I* t^a«& FLFTDAISI, 1£D 
r.p.ffi. y. If. I.0. 
1 2900 LljO lis 11.2 
i 3x00 ILO 132 10.2 
3^00 IILFI 157 10.8 
1 35T5 yMs ijh 12.« 
1 3200 UiO 1W3 10.1 % •1 3700 mjQ 1$2 
T 3500 RI43 170 2 
i 3600 mo 179 178 I $ 3300 wu^  I5i 1^5 1 
m 3000 wm 121^  119 f 
II 2600 IM 10.$ 
at 3100 MjO 11.g 
» ^00 IM 117 11.2 
m 3300 IM 150 ll.f 
m 2700 m> 102 10.9 
m 3500 LL© 169 12.3 
1 rr 295© mc 122 lis 
LI 3200 Mm IU2 137 1 
If 3000 mjo 126 121 F 
m 2000 mjn 10« 105 F 
m 3300 mjo 152 1H6 
165 
i 
m 3500 HLO 170 S 
» MO $2 «7 F 
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LIGHT-LIQUID IN PRESSURE, PS.I.G. 
FIGURE 13. RELATION BETWEEN ROTOR SPEED AND LIGHT -
LIQUID-IN PRESSURE FOR WATER-TRICHLORETHYLENE SYSTEM 
79 
la fiilli 11 I* ^  ttet#-
i9m 4Mi#ai«, WM i» m% ^ 
i»f mm9§^ 9mrmU9 it mm mmt m»m, teadititiii. M-
4tl.t«s«l ifiitw# f#t: I9m>' »f gif© fiptt^»t 
%mp. mmm ttt «ietai«*«r I# p«nFii#4 1^ wm J%@' *e »f l»lit 
if. 'HA iKttirit^ *i ilMi tef «mmM» 
mm m^wmrnt for lift* wem^ 'Mit 'sf flttfttei 
wwi !•! 
Ifftet. •»t flay ya»»a tn gfttgaapf; 
Jm to lito i»tt«ir «# «wi #f «!•, »!•• 
ijips^f%«| about tgmtioa (g) mm H** «»• 
m*m& i«llk  ^ftftiit #f i%m mitt «is ll#l«l.|#^l» fttt-
tafff tf«il@l#4,%.lt. ,,»l effeet tf fit*.fill®# «ill ,!«* %• 
«tatitof«4. m. •teliJtylaieats mm itltlf t© 
tMt 9$fm% #f• fl«« fitt»t| it it %hm% tit 
ia lAlt 12 att imi'imUwM *» tadieat# ^iir tffttf #» %M 
'^ t wi» 'U mm nm% 
•wttaJ iteiti# •»oa«it t»»t, w#iwiti«l ttoi ii^jainat 
At » faactitft #f ttTttaS f«plft%l«t, 
iiMiinAiBi, 9M fl®w »*«• t«f«t.  ^llim |*f«t%i#i.%toi« 
is^otf^it't# flit- ilm: m%e. mms 'M wm9» a^it. 
At «#»!*•&*• m^w w§m ,^ fwm |i), 
^SSiS  ^^  
ero 
I IS§I HIES Um • • • • • «' •  # • • • # # # P* I** l*» f*" I"** !»«• f»» fx-
f»otri«r*® hioihioh 
ami imi iiiii HMn 
II lis ta&g atiH mm 
HI*HHiiHlr4 rHiHCMHfH r-4<\t€VlOHf 
H^ii imi iim 
f^samypxa-
% i m i  
ggiRge wg§i> 
r4ww<yw ojwcur^iw 
aSSSs^ .fHl f<*f f**l |F*|': (T*! f»*f f"*! • #'i f^ ' r*i f"i r*i • f^ f w^' INI w*% 
M « Kvt IIN «9 »«-*» aaf«» a&asa 
« « tt fimm Ml flow S'letr i^al S^d coxhs* 
*^11.1 ^UiO rat« rate thr©a#9ti% ge. S .^ 
ip«8«S>a^a litel 
21 12l| 61 lOO.H 2J^9.g 1.H92 290.2 g.213 
22 12H 101 100.5 151.0 1.503 251.5 g.213 
23 125 78 99.7 200.H 2.009 .^1 g.213 
2H 125 H5 100 .c 200.9 2.009 300.9 S.213 
25 125 15 100.5 2©1.2 2.002 301.7 g.213 
26 X2i  ^ 13 99*6 1.529 251.8 g.213 
27 122 U5 150.0 151.6 1.011 301.6 7.759 
2g 122 30 151.3 151 .H l.OGl 302.7 7.759 
as 123 SO 150.6 151.1 1.003 301.7 7.759 
30 125 59 150.H 110.9 0.997 300.3 7.7® 
IZ% 9S lHg.3 153.6 1.036 ^1.9 7.«5S 
3^  ^ izs llg H3.1 262 .U 6,092 305.5 7.«58 
35 136 7S H2.5 2g2.0 6.63s 32U.5 7*«  ^
36 129 101 Ho.l 273.H 5.917 313.5 7.85  ^
37 130 59 Ha.g 273.5 6.391 316.3 7.858 
3« 
39 
131 U5 H1.9 27M..2 6.536 316.1 7.«5g 
126 61 53.« 259.2 H.SIS 313.0 7.gU5 %Q 1  ^ 61 H6,5 283.7 6.X01 3 .^2 7.1  ^
Hi 131 Ho H5.H 2gg.6 6.355 3 .^0 7.SH5 
H2 126 p HH.6 ^6.2 6.333 330.8 7.955 
wmirn It, ffe 
HI. flow Hi fl®» flow fotal Feed conc. 
rate rate rate tliroxts^%t @Ea. 1^30  ^
p.s.i.g. per liter 
2Sg IS H5.T 6.259 331.S 7.955 
m 125 
Ho 
6I.T €0.6 .^2 7.955 
123 61.1 a.g 1.011 122.5 7.955 
122 ll£ 103»© 101.8 Q.9gs 8.IS0 
kj 123 m 101 .^2 10S.g o,m 207.0 g.iso 
m 12l|- 100 9 .^0 9«.o 1,020 196*0 S.llto 
iif 120 56 IGI.2 103»0 i.oiS 204.2 
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'iB - *5 * "K^UO • »IA • >12% • 'if (3*) 
ttti ##®6t^iis CIS) m& |5%) *1111 .^ 9mt If •«-, • 
mm J m I S  
Wmm last thr«« eqtetioas, lirtfi the #® %« 
ti* iftt*, «• m$Ul§ It 
iMf&  ^ta|>«ifl«»at«a, iatft i4ll |p».fitt®4 la «*i«* t# 
^ H&ig f«fct« f^fi^as •%««* i^36*®tats tit® 4$M&, Mlim 
It np,! 'iii  ^p:»»st%l« tf m%tmM 
%&• i^©irt®«wi ## I1h» farilaMts, iMw 'm& ll#tl-. 
lifaii.-®*! ff«8-fw»|. m tl« |ii^#-iil«at ir«»,te%iit,. 
'iftt® f&t l&i .tm# t® tt«% 
moAeIg ax« in irillMi IS. . @f » Mtallstis®!. mlti« 
•iriMPi«li# »ip».8t|#ft .il, €). tf/iteis &iAm sm «lwm ta fi&l* 
13, $M& 1», wwiati»4 ntjft (38), miA 
(311) m f#ll«i«i.,. 141 «#!*§•»%«*  ^
4ftia„ a® widweli©» i» fPBiritoi • 1  ^
•foi&lliia C354-) oir«r t^tioa (32) 26I.6II - 2lii.,||| » iNi.ilf, 
g%nm m f-ftttito. #f %6.i3g/i.ii% f .in. m mmim m 
«^t mgm»*Um fwifisd % (^) •#ie.ti«a 
III)' mm. ,^.2SI « mk.m » 11.^. «i*4s« m 
5.IIH » mM, is .sipiiftorti «t tfc# O.OOl pw'fe&Mlitjr 
f®fftllivasaa (3^) ,1^®.« 
ff, .iftta «N® «f ttit tn® i«i 
iMlmu l&at fo*' m mm mwi m wmwmm imm 
m 
II. «Aa2jrtlt om ilm fle«r 
rates and Xi^t>li^d~eut prestmre on tb» 
1» -jprntimm , 
.AiWf «i# @f vatftissie 
Ww0ems 
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Dm to regresBioA 
Dae te regreesioa 
&m% mgmmtm.. 
d«e to i^crteeiem 
iJtMml vtptifiim 





























*** ll(iittlt 9igai£lem% at 0*001 preTsabillty level 
.i$xim0*m i«. •*©» a fltw 
•»l»« .fltei: ef their e^wBis ®r e# flte tetaJ. 
Se eelSmte tli® f^lattve i^rl«»ie ## li# iWlifltiia fi©* 
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(10) aasA Ip)' mmM h&m Itta ms»i t® 1. 
Ifftal'itta ||g> glreft m ©f % if 
pssitat #f Ikt pf*s«»sft. 
Wqw th# mm»M. @f •faimttag am 0mm.. ia 
fftbl® '1^% «lt®* l&« •mr4«.*t«ik «f at ia Wm 
af«#4, ffe®, #f llMiti! .IWja,, 
m 4» Vimx9 Ite, it • 0*3^ '^ * i©*® 
&t0 iMf- m»«A t# <M) m f«ii«w8. 
f»®a #fmtt©a <3a) 
?g » 5  ^®e. <|a) 
f»« #.<pati»a ftS) *i# Sa IM apetwr at fl®©ilaf 
i» l|j>- it 
f3») mai iiile (5) 
% • ^ »ii. 
&& m%f%a$ iM f ,^. #&B ^rnmim #«. Seivtag 
ilQ) fm %, 
trC* - ^ ^1^/ ) 
tf«f./«4m.)^» .|p./f@., w » f.i.ia. aii. « 50.ti 
m 
ig^%l9 Tariation of pressure @,1 fl#e4lse 
la tbA «rlth irotor speed fm 
isoasQrl aleohol-water 
%% ilm till® • 125 - 150 (utjv&u, 






r.p.ffi. f .s4*tf 
2600 i|.2 2700 
3000 5.0 3150 |.l 
3300 5.6 3500 6.0 
3780 6.5 Uooo 1.2 
iia)o 7.S ^0 i.% 
5^950 10.2 
^1® iw&l, em etJtain® % » 0,1691 i». Shis 
estiaat# tf % is '©©mfMeirisi, !©•• Am BtAUim%&w •wltlt 
%M piwriouil  ^ ®f O.ll '^ t». ife# 
% • ©,17^0 ia»,, ii a©iNi mtm&tt «afl- %«• taii»a 
&s TalsMi 0f % ta fwtejs® ®al.«»3.»t-|@»s. 
Wm Wt» i&ti€ a#th®4 of «,*tiaatlijg' %, iata mrnrnrnim. •«» 
ft 'ftittjp «f»®A ftt l«ei|»i«3a.t 3a,®0tt«(g M Ife®' 
©at fti?®. fiiwa 4a It ^imas I® fff. a« ikwp^s® ®f 
tibest *iia» wac t« A««k pwyrieusly eetliBftlstt iraltMie of "b i« a 
fitipiiittt tsatw®! «8^*, a«l fttas idll Mi-
@mmi l&tey. It 1® #f to*#, mmmr; «o 





a: 14 — 
ISOAMYL ALCOHOL-WATER SYSTEM 
4 6 8 10 12 
LIGHT-LIOUID-OUT PRESSURE, RS.I.G. 
FIGURE 14. RELATION BETWEEN ROTOR SPEED AND 
LIGHT-LIQUID-OUT PRESSURE AT FLOODING IN THE 
LIGHT-LIQUJD-OUT 
p 
1 • *iia (m&y 
Al. i®w fte®gure«, li ®m Ik* '©fiiir «f §00 e©,, 
tl»l «. •MPeif «f I© #e. ia i^li m% altti' itai "r®3wi ©f % 
.®f 3§ «©•,. s© Ifeat m mmT #f 1® w, ia lAll all®* tlis 
*»!,*»« ®# % 'Ia is  ^llw @y&ir ©f 
P®' @©>, it ii la©'^ i» t# • It i»  ^m ttas ®f^r ^ fni 
5f » It is if i«'is M * P m, 'Aits it  ii 
' a®| i?».a®#wiMs t# «9@4 #«feiim%«# ©f %• twm Sfaaiioa Cl®a) Igr 
•BSaswiitg a tf" rotet sfos& al S& tiMi lusavy*-
is saall mi att wsll kmm, 
ia® Ih# la obt8dasi.ji  ^ a®)»ti«f«l, «sti»a*«s ®f 
was. 1®. fs»®i1f tlMi p3P»4i©tifls ftf f3.#®4|ag IJpils f®y vidrioM 
S5r«t»*« W ®f ,ih© e@ikstaa»s m •faa%i®a (f). 
*»r If ®si»- l,infif#« I# p?«»si«Mi 
.at fltoilbiif ttei 
p@l@i? i» tsssatially full »f , Itei mm%mH 
m ia ,^ nM h m i.ll  ^ia*,.Ifet sfi^m mm%m .^ m ©.16? 
SIO 
«3P» «ttl^s|it»%»t t»l® (S) o%tfti» 
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40 20 60 80 100 120 
LIGHT-LIOUID-OUT PRESSURE, PS.I.G. 
FIGURE 15. VARIATION OF LIGHT-LIQUID-OUT 
PRESSURE AT FLOODING IN THE HEAVY^LIQUID 
OUT WITH ROTOR SPEED 
£&%!• if. Co»p»rl8em of mA predicted fti 
floodijig liadts for the iscraa^l al08i^l-mt«r ^stea 
imm WsMmw IG mA 1% 
l»eri»ental I*r«dlete4 ©ifferi®.^  lotor Ibsperlaftatal Fredieteft. 
^JUO P|^  ^SJSJQi 
I'.f.li. p.s.i.g. p.s.i.g. iP.f-.ii. p.s.i.g. f.s.i.f. 
2600 35 33.0 ® 2600 H.2 £.66 1.^  
2g00 .^3 t.3 27©0 H.9 2.S7 2.03 
3000 % w.o # 3000 5.0 3.^  1.1^6 
3325 55 .^0 1,# 3150 5.^  3.91 1.H9 
3$oo 55 56.5 %,§ 3300 5.6 KSS 1.31 
3550 61.^  3500 6.0 H.3H iM 
3700 ifi S6.9 37  ^ 6.5 5.63 0.07 
P 70.6 #.% 7.2 6.30 ©.90 
4025 :il 79.2 ksm 7.g 6.95 0.85 
H1O0 g2.i g.H r.9« 
^325 92 91.^  t.l 9.® 9.65 
9« 95.7 
^600 107 103.^  3.« 
U7O0 15© 207.9 t.l 
^75 117 U6.1 i.| 














































ii^l# 3.6. Sanson's r«0Qlt8 for th« veJKlation of ligfet-liqaii-
out pressure at ixtciplent flooding in the 
li^H'-out ndth flow rates at a roto^r «peeA of ^iiQ 
r.p.K, for the isoas^l aloohol-water ajrsteia 
HI flow U, flow fotaX > 
lE» rate rate throug^ut  ^











































































































• 5000 R.RM. BARSON 
O 5000 R P.M. 
A 4000 R.P.M. I NEW DATA 80 
ISOAMYL ALCOHOL-WATER SYSTEM 140 
100 
16 4 20 0 8 12 24 
UGHT-LIQUID-OUT PRESSURE, RS.I.G. 
FIGURE 16. RELATION BETWEEN TOTAL THROUGHPUT 
AND UGHT-LIQUID-OUT PRESSURE AT INGIPIENT 
FLOODING IN THE LIGHT-LIQUID-OUT 
99 
HL FLOW RATE 
^ BARSON "1 inA /mln A CURRENT/ cc./min. 
O BARSON \ 130-150 cc /min 
• CURRENT/ " '^5^cc./min. 
ROTOR SPEED - 5000 R.P.M. 
ISOAMYL ALCOHOL-WATER SYSTEM 
4 8 12 16 20 
LIGHT-LIQUID-OUT PRESSURE , PS.I. G. 
FIGURE 17. RELATION BETWEEN FLOW RATE 
RATIO AND LIGHT-LIOUID-OUT PRESSURE AT 






















i  I 
I I I I I 
I  I  
i ? a 
I 
I I  
mi 
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11 12^}. H6l.| A15 116 1ST.8 
m 125 283.6 A16 117 197.9 
m 237.3 AI7 118 226.8 fl 127 11$,% Alg lis 2^f5.0 
m 122 337.8 AI9-I 120 150.9 
V3 126 225.6 A19-2 119 ms 
fS 1  ^ 155.7 A20-1 120 163.2 
12H 206.9 ^0~2 118 1 .^8 
I3S 127 319.0 A21-1 116 lil.i 
^57 125 3H3.O A21  ^ 11$ m&.a 
A| 110 256.7 A21-.1 121 %md 
llH 296.7 A22-2 121 
# 116 297.H A23-1 120 asi.i 
A3  ^ 116 3^3.9 A23-2 122 263.1 
AU 113 392.^  A2l}-1 118 .^1 
4tg llH 3i5.|- Atn-i ito 277.1 
Ml lOS Ift.? 
m% frefmt# ai eithei? fl©@ita® fm lyit®*® a*# a®t 
'W' ^mm^9 ta iewttf tirf«»e3a» due t® 
tel-at®' txmsfe*. Sytiem ^hi»e*%#j?iate4 %• «feaiipt» tm. 
deaetir l.t»e*eiiee will %• ditiimsset i» # late? eeetiea.. Iia©e. 
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LIGHT-LIOUID-OUT PRESSURE, RS.I.G. 
FIGURE 18. VARIATION OF LIGHT-LIQUID-OUT 
PRESSURE AT INCIPIENT FLOODING IN THE 
HEAVY - LIQUID -OUT WITH THROUGHPUT 
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ftrtff aifaJteKMial &f wlil.l® tIMi* 
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»'»jilitie« m»tft w»i» ta i»#i' ''ef IJ.I.#, SlNn*' -iwiRBitl*-' 
ttl«s ,p»i » #tiPftai€ ©f .ft e»i^®8l.^ t«'a .aaeOirsis ®f ©.0§. t© 
O.i® m* , ft*8e s^aitot «»»» '^ f®' «f»i44#*«4. 
%m imm "bseaai® i»,»»« lwt^«w»« th»y 
All .«ai#l«« fw». I. swi, w®». *|t& s«ii» 
«f iw©k ® »®'jp»»3.|%' %%»% 3® »*' 
M,. f»f i*yiw s©ai*» ^?t»aEl4« 
if twm mitim A imm. 
Ml f«r l.ti«r' 
Tesd m SslMSt Material Hl» flow Ml fl@v flow m Wm^M 
lift' -Mm eoss. »i«. mm. cons. •balance rate rate rat9 ^3^0 
%mwt9T #e« /milk. ratio p.s.i.g. stagGNi 
T 0 0.318 6.9«7 3.87 89.6 ^7.1 I.S65 HO 3.06 
f 7.428 0 096 1.1  ^ 1>€H 5.32 10 .^5 193.9 1.873 116 2.66 
m 7.^  0 096 1.3^5 m.90 3.31 104.^  239.5 2.29U 116 2.39 
u 8,Sfk 0 216 1.721 19.83 8.06 108.1 28 .^3 2.630 113 2.9g 
m g.2|H 0 21g 3.199 17.^ 3 lJ .^23 106.3 279.2 2.^ 7 XLk 1,^  
13 2,mj 0 679 0.572 H.H5 102.9 261.8 2.5^  ^ 108 2.03 
Im s ,m 0 om 2.121 20.08 8.98 98.9 2 .^2 2.772 95 2.66 
m 7.ggH © 0£  ^ 0.1  ^ 6.^ 105 0.69 101,7 86.1 0.8^7 116 2.62 
m 7.S  ^ 0 0.197 7.095 3.^  l< .^3 B.6 0.897 117 2.60 
If 7,6i  ^ 0 ock 0.275 8.^ 5 6.95 107.8 119.0 1.101  ^ JU8 2.7g 
u 7,W^ 0 0(k 0.U21 10.03 .^71 206.8 138.2 IM 2.67 
19-1 8.037 © o«3 0.155 3M7 1.23 105.7 H5.2 o.Hag 130 1.91 
19-2 g.037 0 0S3 0.175 3.611 H.37 105.0 .^8 0M W' 1.91 
20-1 S.037 0 003 o.ip H,291 3.01 106.2 57.0 0.537 2.13 
20-2 S.©57 0 0i3 0.161 5 .^215 3.55 108.9 ie.9 m 2.06 
tl-l g.©3T # m3 0.20s 5.^ 9 11 .H9 iM.% 76,% 0,^ 2 n$ 2.26 
S.057 t 0.161 5.636 10.61 111.2 75.f 0.680 zM 
22-1 7.713 i i%5 0.216 5.681 11.21 lOf.t TT.i 0.725 WL t.is 
7.713 © 0.2342 5.735 5.88 Hf.i 77.2 0.717 1:  ^«i«i m 2.17 
2|-1 7.713 0.523 10.68 O.H Mf.O l .^l 1.U59 2.6  ^
ii/m 





m tMw Flow 
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23-2 7.713 0.01^5 lo.gg 1.02 106.5 156.6 i.Hjo 22g 2.72 
2U-1 7.713 o.oUg c.a)3 11.60 1.33 108. S 171.3 i.57  ^ m 2.66 
2H-2 7.713 o.oi^s 11. SS 2.55 107.1 170.0 1.5S7 ise 2.65 
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1 7.680 0.0S2 0,1}65 6.^ 7.01 
f- T.figo o.oga 0.1^55 6.«37 7.^3 
7.680 0.0«2 0.397 6.898 6.33 
t T.SiO o.oga o.feo 6.850 7.27 
s 7.680 0.©«2 O.H65 6.83^ 7.53 
o.oga O.Hlit 6.9^ 8.36 
7 j .m O.OIE 0.S91 9.52^ 9.c^ 
i 7.6^ 0.0g2 0.701 9.6C^ 10.01 
f 7.923 0.0U2 l.OMM- 10. iH 2.02 
» 7.923 o.ote 0.«19 10.^ 3.U 
11 7.923 0.0S42 0.67a it.it it.o6 
12 7.923 o.<^ 0.696 10.^ H.52 
7.923 o.ofe i.ai6 12.72 5.28 lii- 7.923 o.oHa 1.6S1 11.59 5.95 
15 7.S7S 0.065 o.gg7 13.06 5.13 
Ifi 7.S7g 0.063 1.;^ 12.30 2.81 
If 7.878 0.063 0.981 13.51 H.65 
W 7.S7« 0.063 o,B3h I3.8S 3.51 
m 8.213 0.060 o,ys9 7.8^ 0.^5 
m «.a5 0.060 0,392 7.^ ®,1© 
IL flow U. fl©» flew _ 
mte Pate rate MBi iHF 
ee./sia. cc./ain. ratio f nt^e 
101.1 97.6 0.996 30 1.92 
99.6 lOO.H 1.0  ^ 117 1.98 
99.8 99.7 0.999 60 2.09 
100.5 101.0 1.005 99 2,Qk 
99.^  100.6 1.012 h3 1.97 
98.7 101.0 1.023 80 2.06 
wo,h 1 .^2 1.536 101 1.92 
100.1 151.S 1,516 58 2,ll  ^
99.5 i%,i^ 1,501 no 1.85 
99.9 151.8 1.519 79 2.12 
98.^  1^^9.7 1.521 w 2.32 98.6 l50.i+ 1.52  ^ m 2.27 
100.1 a»i.o 2.008 m 2.10 
101.6 202.H  ^ 1.992 115 1.62 
101.1 199.0 1.96s H5 2.52 
102.8 199.0 1.936 ifit 
99.1 ^3.6 2.0  ^ «2 2.H9 
99.9 203.7 2.039 m 2.76 
99.7 99.0 0.993 n 2.^  
99.8 100.0 1.002 15 2.^ 
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0,3^ 0.30H S.l  ^ 1.69 iie .^2 102. g ©.9«7 m 2.51 
O.lgH 0.^ 7 g.2l6 0.9  ^ 10 .^2 102.g 0.987 m: 2.55 
O.lg^  ^ 0.307 «.379 1.07 1( .^2 102. g 0.9^7 it 2.55 
0.177 0.305 7.«S5 .^03 100.0 102,0 i.oao » 2.^  
0.173 ©.30c 7.685 2.91 97.« 98.3 1.005 im 2.50 
0.173 0.325 7.772 iM 97.« 9S.3 1.005 100 2.1  ^
0.179 o,3?3 «.097 1.H2 101.0 is .^e i.016 36 2.38 
0.179 0.371 «.07  ^ 2.66 101. 103.8 1.02^  ^ 36 2.38 
o.i«3 0.37s g.157 2.0a 103.3 10H.2 1.009 36 2.35 
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'lillSJit' s f®t mrialiom ef imsS^f of stiiiii Mtk. 
flow rat# ratio at a rotor speed of 5000 r.p,*. 
lB» ^LLO  ^
« « 1^« f. . .g. ec./aia» cc./ada. rati© slucdt 
I: 
5  ^ I S5 103 1.21 
5  ^ It «t 1§7 • i.fl 
^ m $3 ^ • 2.15 
527 S0  ^ 3.« • 5."  ^
52  ^ 15 «l 315 3.«9 fe.^ 6 
529 Ig  ^ 3?0 4.H0 7.76 
530 ;li i$ 193 2.33 5.01 
531 II «9 2if5 2.75 5.2  ^
532 m «7 300 3.^ 5 
533 ii 89 355 3.99 7.p 
^32 100 103 X.03 2.^  
535 21 100 15& 1.^  3.26 
536 31 100 210 2.10 J. 95 
537 I® 100 260 2.60 4.20 
53® 51 fi 310 3.16 
539 16 f% 3  ^ 3.^  
560 1« 350 3.72 «.3l 
55« 35 9® 300 3.33 3.«8 
5& S| 90 m 2.33 ft.B 
566 If 97 99 1.02 2,61 
57^  ^ 23 100 2C  ^ 2.o^t 1 .^30 
'• im -i#®* ealfteittoa 
at u^t^ii^iaiiHmt fMawtums, W&t9m*9 €«.%» mrn^ 
at «© ti^t mt «#-
••ntiallsr full ©f i3©a73r~li<|aiA, 21» coaspsa|4.iiP& ©f Wi«»# tw® 8«t* ©f 
4&t®, ©a fi^ tr© 19 l«i-.*® twe .ooselmsioM, ®«i firtt wm %1m% mm 
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FIGURE 19. VARIATION OF NUMBER OF STAGES 
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FIG.21. VARIATION OF NUMBER OF STAGES WITH LIGHT-
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imf lit ,^ %h» 4 # i %# %, 
estimiM, imn &»$» ^m &§ in Wi^» 3.1. 
&i Ua« it wttoAtd m lj_, itoi 3.i#ti-. 
it'fiiti. iA »i®r »% to *&«• 
is fitiml<i4 m '^ 3  ^ *• #*•» it# iraliwi bM fleMSHf Sa 
tb® llgMl.ilfil,i-©mt. 'ibi »t©y 4i m th# 
mmm ftt floodi»i :l  ^ tin Mii 
11.#©l.il3ag Is teapmltt trm 
tfc®-8# •©fsAitions MA #fa»li#a C^§K 
©ffwettw f@t®» iditk, i« ©8tiaat:®4 fwm 
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&« ]b«a*y-l*«»SA i& ^  a0i44ii- ia 
ItfRlt-emt, »• is M 
$60' 
f»®» tli» littl# 8.t^lat It, iifl#* .»0. mm 
©©mlt f«>a: %!». splnnlag aif, step tin 
•»iiaaW®ii ©# #®atftsat« sN#'f|^ f@a. f®* %h» pi?e.tieii©a ®lf 
Iteitf. 
m 
pari. «f Ifc® 'f3P©t.»te« f«y aff3ft«^- llbe mth&iM 
,ia •Mtti t© otheif ieais l» Ifee 
«f 0ftlMM eestilitas far •jEt.iMtloii p.rel>i»it8. 
It «l lAi&el sli# tmt »| lkr»» f|0v 
fftte ratios @M ^igb. 
data slmM ffx«lt $m t® am#- m f«ail^ #f ^mTfits» m a f3.@l 




, !.• m «3i^«rla®mtai 
-dispisfijii Is III® *ii& im 
fliast m» ®f 
6©aAlli.®at ilS.aitiml«4. Holdupg ©f -wuptems 
®f lfe« mm ,ii®a»w®d. iWi® |»3^# .a®pe*4 wili 
those ItoftI s©mld !« f»is 
dfawlaff. »%@r aad extractor foliMta wf-y® itt®i»la«d a» §t| 
•aid ft®., f©%a3?®d t® falm®# ©f ee, w-
f©rt®4 %f fmri&m mrh$m, ©f «l%er t^® is letli IINi-
iettiom lis ®iEtya«t@r' MJ stevm %e 1N» n linear 
l^ eltsa ef ike p»«si«i», 
2. ft® jp®3,»tl»iiiWii 
w» »3®*rSJM«l«lly wpified for syst^a*. f&e »t©ip- j»di«® n®® 
•stljiated ft ^ 7».€f 1^. fsrea tat®. ®®#asi^, wi%h th® AmMl" 
mi®!' ®y®te* aai, |,|l ia. fwm lb*» »®«i*®4 «l%li lis® WRt®f»tiri-
®M®*e-«^®» »f»t«ii. ft«se mine® @« ta s^ eaeat uifh 
H® mlm. #f 7*|1 me 
o 
t 
I £ I I ^ 
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m 
.nl l«*r 
-m %»& lltll# #£f««t at U0. 
fjtiffKf*# 
, . &. W» «ff«ct, t# flov rati. m III® 
.Ittwifcfa mmw «f 
'QfeSS^M tWSaSB •Sa6S*S#^B^tiF' iSBfliPSAlA a% 
fl#if *al# . 
. «. -tlMwl «lai# if  ^ t® saail 
®©n6»atjp»tt#a «Bi» t»»i ®p#if&*ta«, eea* 
ditiojas to Ifei «f |p»&il mifca®.'ja t*®slsat  ^«xti>att®3? 
l#Kr«W8ia®«, 
a. a® tiiall ifsit4e w««», ktl^ ©£ tfe« *f«p" m%&% 
i '^t%i«laiak axtrstl#!" I®- tt@s® .Krallftble vitk -©©iwwireial. 
•t:®#' nsJLIs, !)«' a.. XixAMmtlMn m it# uitefmlss'se 
ftf ®%tatMni iatft %© te Igrfsr 
Aptli®a.*l0» tt Qiitr iysltiM 
•ite . iwiewiiMariUid fm applying tteat f»8i#ali4 
ta tMs «##!§, utisg slailinr .«3^i!»t®fii. lawlvei 
%m :»lii#s. fits*. 111® @®aigi«te t& m ©•#a*4o» «*•' ®»tia6t«4 fima 
|» order %@ predict floodlag limits. » 
fw «il-rsjitl®» M»« mm *#»• %f ettta^t® ^l^tiwii -(^rsttai 
©dMitioas. 
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